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Abstract
Context: The internet is gaining popularity as a means of delivering employee-based cardiovascular (CV) wellness
interventions though little is known about the cardiovascular health outcomes of these programs. In this review, we
examined the effectiveness of internet-based employee cardiovascular wellness and prevention programs.
Evidence Acquisition:We conducted a systematic review by searching PubMed, Web of Science and Cochrane library for all
published studies on internet-based programs aimed at improving CV health among employees up to November 2012. We
grouped the outcomes according to the American Heart Association (AHA) indicators of cardiovascular wellbeing – weight,
BP, lipids, smoking, physical activity, diet, and blood glucose.
Evidence Synthesis: A total of 18 randomized trials and 11 follow-up studies met our inclusion/exclusion criteria. Follow-up
duration ranged from 6 – 24 months. There were significant differences in intervention types and number of components in
each intervention. Modest improvements were observed in more than half of the studies with weight related outcomes
while no improvement was seen in virtually all the studies with physical activity outcome. In general, internet-based
programs were more successful if the interventions also included some physical contact and environmental modification,
and if they were targeted at specific disease entities such as hypertension. Only a few of the studies were conducted in
persons at-risk for CVD, none in blue-collar workers or low-income earners.
Conclusion: Internet based programs hold promise for improving the cardiovascular wellness among employees however
much work is required to fully understand its utility and long term impact especially in special/at-risk populations.
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Introduction
Despite advances in cardiovascular disease (CVD) prevention in
the United States (US), CVD continues to be a major public health
problem with the 2008 mortality data showing CVD accounting
for 2,000 deaths per day [1]. The continuing burden of CVD in
the US is largely driven by the high prevalence of major
cardiovascular (CV) disease risk factors such as obesity, hyperten-
sion, diabetes, and cigarette smoking[1]. Therefore, CV health
promotion in the US has witnessed a shift towards trying to
improve CV health by reducing its risk factors [2]. The 2020 goals
identified by the American Heart Association (AHA) put reduction
of CVD mortality on par with improving CV health for all
Americans[2]. The AHA’s strategy of improving CV health rests
on tackling seven major CVD determinants, namely blood
pressure, physical activity (PA), total cholesterol (TC), healthy
diet, healthy weight, non-smoking and blood glucose[1]. Based on
2007–2008 NHANES data, only 16% of US adults (about 12% of
men) had the ideal for 5 or more of these metrics [1].
With about 59% of the entire US population currently in the
work force, CVD prevention through worksite wellness programs
provide an opportunity to reach many Americans that would have
been hard to recruit otherwise. As such, the AHA has emphasized
worksite-based CVD prevention, and the need for effective
interventions to improve CV health among the working popula-
tion [3]. On the other hand, the widespread availability and use of
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the internet has provided a unique and efficient avenue to engage
an increasing number of people in health-related programs [4].
This is particularly relevant to remote workers and those with non-
conventional schedules. As a result, employers are beginning to
incorporate web-based approaches into their wellness programs.
The expansion of worksite-based wellness programs and use of
the internet as delivery means, carries with it the need to sort out
the evidence about their effectiveness. In the last two decades, the
effectiveness of several internet-based CV wellness programs
among employees have been studied with significant variance in
the interventions, study design, duration and outcomes. Reviews of
available evidence from such programs have been published [5–
10], yet none has focused on internet-based CV wellness among
workers.
In this systematic review we aim to synthesize the available
evidence from internet-based CV wellness programs in order to
guide the implementation and future development of such
programs.
Methods
We conducted a systematic review by searching PubMed, Web
of Science and Cochrane library for all published studies on
internet-based programs aimed at improving CV health among
employees or workers up to November 2012. Using the advanced
search feature we combined MESH terms and text word (tw)
terms (MEDLINE or Cochrane) such as internet, web-based,
online; worker, employee, workplace, worksite; and occupational
health, health promotion, and wellness programs; and hyperten-
sion, blood pressure, dyslipidemia, smoking, body mass index.
Table 1 outlines the search strategy in PubMed.
In Web of Science we conducted our search employing similar
search terms using the topic feature (TS). We also searched the
bibliographies of the articles we found for relevant studies. We
included only studies conducted in employee/working popula-
tions, whose interventions required accessing the internet and who
reported CV measures of effect on employees that participated in
these interventions. The CV outcomes were weight and weight
related (including waist circumference, body mass index (BMI),
skin fold thickness and body fat), physical activity measures, lipids
[including any of total cholesterol, low density lipoprotein
cholesterol(LDL-c), high lipoprotein cholesterol (HDL-c) and
triglycerides], dietary changes, blood pressure, smoking cessation
and blood glucose/HbA1c. We excluded case series, case reports,
systematic or general reviews, studies with less than 6 months
follow-up duration, and studies conducted in non-employee
populations. We defined internet-based studies as those requiring
study participants to log-on to the internet as part of the
intervention. This included web-site use and/or email access.
The database search was conducted by one reviewer (ECA) and
the inclusion/exclusion criteria were applied by two independent
reviewers (ECA, LLR). Only those studies that were agreed upon
by both reviewers to meet the specified criteria were included in
the final qualitative analysis. There was no formal protocol for this
systematic review.
Methodological criteria as designed by Ogilvie et al. [11] (see
appendix 1) were applied to the studies. This assessment has 2
components – suitability of study design and methodological
quality criteria. Each study was assessed for both components.
High quality studies were those that had grade A or B for study
design and at least 4 of 6 methodological criteria. No studies were
excluded due to poor quality.
Results
As shown in figure 1, we included twenty-nine (29) studies in our
review, 18 of which were randomized studies while the others
employed pre-post design with no comparison groups. Follow-up
duration was between 6 months and 2 years. We found all the
randomized studies to be of high-quality. Among the non-
randomized studies only one was of intermediate quality, having
a comparison group and 3 of the 6 methodological quality criteria
[12]. The other non-randomized studies were of low-quality. The
details of the individual methodological quality scoring can be
found in appendix 2.
Description of Interventions
In general, the interventions could be grouped into largely
internet-based programs with minimal interaction with the
environment or study personnel (referred to as largely internet-
based through out this section), or multi-component interventions
in which non-internet features played more than a minor role.
Among the randomized studies, 16 were largely internet-
based[13–28], while the other 2 were multi-component stud-
ies[29,30]. Similarly, 2 of the 10 interventions (11 studies) in the
pre-post group had multiple components[31,32], while the others
were largely internet-based [12,33–40]. Summary of the studies
included in the review categorized according to the two main
designs used can be found in tables 2 and 3.
Table 1. PubMed Search Strategy.
Search number Search terms/Combinations Number of Items found
#9 #5 AND #6 AND #7 AND #8 32
#8 #3 AND #4 57172
#7 #1 AND #2 87124
#6 ((((((((hypertension[MeSH Terms]) OR diabetes mellitus[MeSH Terms]) OR dyslipidemia[MeSH Terms]) OR diet
modification[MeSH Terms]) OR exercise[MeSH Terms]) OR physical activity[MeSH Terms]) OR smoking cessation
[MeSH Terms]) OR body mass index[MeSH Terms]) OR weight reduction[MeSH Terms])
799358
#5 ((occupational health[MeSH Terms]) OR health promotion[MeSH Terms]) OR wellness program[MeSH Terms] 73728
#4 (((worksite[Text Word]) OR employee[Text Word]) OR worker[Text Word]) 46693
#3 workplace[MeSH Terms] 12608
#2 internet[MeSH Terms] 46446
#1 (web-based[Text Word]) OR online[Text Word] 53952
doi:10.1371/journal.pone.0083594.t001
Employee Internet-Based CVD Prevention Strategies
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Common themes with the largely internet-based studies were
provision of access to a web-site and a needs assessment either
through questionnaires (health risk assessments, psychosocial
assessments, health surveys, etc.) or through monitoring devices
such as physical activity monitors or pedometers. Some interven-
tions in the randomized trials also included the ability to self-
monitor progress, email support for reminders or motivational
messages, and social networking (interaction with others in the
intervention). In general there was no clear pattern for the relation
between the number of intervention components and the outcome
among the internet-based randomized trials.
Multi-component studies appeared to be more effective, as all 4
studies (2 trials and 2 pre-post studies) found significant
associations between their intervention and outcomes[29–32].
Effects on individual outcomes
The effects of the study interventions on the individual
outcomes are graphically expressed using bar charts modified
from Ogilvie et al. ’s harvest plots[11] (figure 2). Each bar
represents a study. The dark bars indicate adequacy of study
design (A or B) while the lighter bars indicate inadequate study
design (C, D or E). The numbers on each bar indicate the number
of quality criteria met (maximum of 6). The modified harvest-plots
are created for each outcome (figure 2).
Weight-related outcomes. Weight related outcomes were the
most reported among the studies included in this review. In all,
twenty studies reported on weight, BMI/obesity, waist circumfer-
ence, skin fold thickness, and body fat changes of which 15 were
high quality studies and 5 were of low-quality. Among the high
quality studies, less than half (7) reported significant improvement
in any weight related outcome[12,14,16,22,23,26,29]. The same
Figure 1. Flow Chart of Search Results.
doi:10.1371/journal.pone.0083594.g001
Employee Internet-Based CVD Prevention Strategies
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number of high quality studies reported no significant change in
the outcomes[15,17,20,21,24,25,27] while the last high quality
study reported worsening of the outcome, in this case an increase
in body fat[28]. One of the trials [15] with no significant
intervention effect was a 2 year follow-up on a study [26] that
showed a significant reduction in weight-related outcomes at 6
months.
Among the high quality studies reporting positive weight related
outcomes, three noted significant reduction in weight[12,23,26]_-
ENREF_37, 5 reported reductions in waist circumference
[14,16,23,26,29], while one reported significant reduction in body
fat [22]. Six non-randomized studies reported weight related
outcomes, five of which were of low-quality. Among the low-
quality studies, (all non-randomized studies) only one did not find
a significant improvement in weight or waist circumference. The
reductions were modest and ranged between 0.8-1.4kg for weight
[36,38], and 2.0 – 2.9 cm for waist circumference [32,33].
Blood pressure. Eleven studies reported BP as an outcome,
7 of which were high quality. Five of the 7 high quality studies did
not find a significant effect of the intervention on blood pressure
[14,16,23,26,27]while the other two reported clinically significant
reduction in BP (reduction in SBP $10 mmHg or reduction in
DBP $5 mmHg) [29,30]. None of the high quality studies
reporting no intervention effect on BP were conducted among at-
risk populations (had elevated blood pressure).
All four pre-post studies reporting BP outcomes were of low-
quality. Three of these reported a decline in BP[32,33,36], while
one showed a paradoxical increase over the study period [35]. The
latter was conducted in a group of overweight employees over a
period of 24 months [35].
Blood glucose and HbA1c. Only one high quality study, a
randomized trial, examined blood glucose profile as a study
outcome[29]. This study, conducted among persons with type 2
diabetes mellitus or impaired fasting glucose over 12 and 24
months showed the internet-based intervention to be useful in
reducing fasting plasma glucose (average of 12 mg/dl or
0.67 mmol/l less in the intervention group), while HbA1c was
reduced only in those who received the intervention for two years
[29].
The 2 pre-post studies (both low-quality) that reported blood or
plasma glucose levels had contrasting results with one reporting a
reduction in fasting glucose over 6 months, [32] while the other
reported a significant increase in blood glucose (drawn at random)
over 2 years [35].
Lipids. Six high-quality randomized studies reported on lipid
profiles outcomes three of which showed improvements[18,19,29].
Among the other three high-quality studies reporting no significant
intervention effect, 2 of them had follow-up periods of 2
years[15,27].
Three pre-post studies (all low-quality) also assessed lipid
outcomes. One demonstrated significant reduction in triglycerides
but not HDL-c over 6 months[32]. Another [33] showed mixed
results with an elevation in average total cholesterol and
triglycerides (TG), while demonstrating an increase in HDL-c
over the 7 month follow-up. The third study [35] demonstrated a
reduction in HDL-c over 2 years (p = 0.033).
Diet. Nine high-quality studies, all randomized trials mea-
sured dietary outcomes, of which 5 found no improvements in any
dietary outcome[16,17,23,25,27] while four demonstrated signif-
icant intervention effects on diet. Among those reporting
improvements, the outcome measures were different. For instance,
Bennet et al.[14] demonstrated improved dietary self-efficacy and
healthy diet attitude, Papadaki et al.[18,19] demonstrated greater
intake in fruits, nuts, and seeds in the intervention groupT
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compared to controls at 6 months only, while Kang et al.[29]
reported lower protein and sodium intake in the intervention
group (administered over 2 years) compared to controls
[14,18,19,29].
Among the follow-up studies, 3 (all low-quality) demonstrated
increases in fruit and vegetable intake [36–38]. One of them [36]
also demonstrated a decrease in grain intake over 12 month
follow-up (p,0.05). None showed a negative effect on dietary
practices.
Physical Activity. Nine high quality randomized studies
assessed physical activity as an outcome. Among these only one
demonstrated a significant intervention effect on physical activity
[20]. This study demonstrated that moderate exercise for
$30 minutes/day on 5 or more days a week occurred 10% more
in the intervention group compared to controls. In contrast, the
other 9 high quality studies did not demonstrate a significant
intervention effect [13,16,17,21–23,25,26,28].
The 2 low-quality studies that examined physical activity
outcomes reported significant improvements[38,40]. Both studies
measured the increase in the number of people completing 10,000
steps per day with one of them combining the use of pedometers,
website access, e-journaling, and social network approaches in
their intervention [40].
Smoking cessation. Three follow-up studies that measured
smoking cessation all showed significant intervention effects
though they were all assessed to be of low-quality[31,34,39].
The study with the greatest intervention effect also had the highest
intervention adherence rate [31]. In this study, 50% quit rate was
achieved among University staff who participated in a multi-
component cessation program. None of the randomized trials had
a smoking cessation program although one trial measured smoking
cessation as an outcome and found no significant difference in quit
rates between the intervention and the control groups[20].
Discussion
In general, the internet-based studies included in our review did
not show consistent improvement in any of the outcomes assessed.
Weight related and physical activity outcomes were the most
examined and thus had the largest number of studies. Our findings
show equal number of high quality studies reporting no
improvement or some improvement on weight related changes
Figure 2. Graphical Representation of Intervention Outcomes (Modified from Harvest Plots by Ogilvie et. al).[11] Each bar represents a
study. Dark bars indicate suitable study designs (category A or B) while the lighter bars indicate poor study design (category C, D or E). The numbers
on top of each bar indicate the number of methodological criteria met (maximum 6). For each parameter, there are three possible outcomes –
negative effect, no effect or positive effect.
doi:10.1371/journal.pone.0083594.g002
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however virtually all the high quality randomized trials showed no
effect of the interventions on physical activity. Thus we may
conclude that these types of interventions do not improve physical
activity and unpredictable effects on weight management. Among
the studies with dietary outcomes the number of high quality
studies demonstrating improvements was similar to those with no
significant intervention effect (4 vs. 5) making decisive conclusions
about the efficacy of internet – based studies on improving diet
difficult to make. More studies showed no effect on BP than
significant BP reduction. However, we note that that only one
study was targeted at persons who were hypertensive [30] and
showed clinically significant reduction in blood pressure. Thus we
conclude that general internet–based wellness interventions (multi-
hit programs) may not be effective at BP reduction and that there
is insufficient evidence to conclude for or against internet-based
interventions targeted at persons with elevated BP/hypertension.
Half of the six high quality studies examining lipid profiles showed
no improvement while the other half demonstrated improvement
in at least one parameter, thus making conclusions about internet
based studies in improving lipid profiles impossible. There were
too few high quality studies examining smoking cessation and
improvement in blood glucose or HbA1c to comment on the effect
of internet based interventions on these outcomes. This summary
is made with caution since we have observed wide differences in
intervention design, measured outcomes, populations studied and
duration of follow-up in studies included in our review.
Comparing multi-component studies to those that were largely-
internet based is difficult because of the differences in populations
and intervention types. Still, one study compared 2 different
delivery methods of the same intervention with no-intervention
controls; a multi-component arm (in-person, telephone and email
delivery), and an internet only program with similar content. This
study found that the multi-component intervention group had
significant improvements in physical activity, diet and waist
circumference reduction compared to controls, while no improve-
ments were seen in the internet arm compared to controls[16]. In
several of the studies, having an environmental component to the
intervention was more effective than having only web-based
components. For instance, Watson et al. demonstrated clinically
significant reduction in BP using a program that had internet-
based reminders but also made BP measuring machines available
in the workplace.
The impact of internet-based interventions in the long-term
could not be assessed as most of the studies included in our review
had relatively short follow-up periods with only a few lasting for
one year or more. A look at trials with one or more years of follow-
up (n= 7) showed that in over 70% (n= 5) of them no association
was found between the interventions and improvements in any of
the cardiovascular parameters measured. Two studies examining
the same intervention at 6 months and 2 years showed association
between the intervention and weight loss, waist circumference
reduction and increased physical activity reported at 6 months but
not 2 years [15,26]. Moreover, in one of the 2 randomized trials
reporting significant findings at one or more years of follow-up, the
only improvement reported in the internet group compared to
controls was a reduction in waist circumference[16]. A similar
number of follow-up studies had follow-up periods of 12 months or
more and they generally reported significant improvements in one
or more of the outcomes. However, one study with a follow-up of 2
years reported a paradoxical increase in blood pressure, and
worsening of the metabolic profile over the study period. The
study was susceptible to areas of bias with regards to data
collection and may not be a true reflection of the long term effect
of internet based studies [35]. In general these findings may
suggest that internet-based studies are minimally effective in the
long term however there is not enough evidence to confirm this.
One of the AHA recommendations is to conduct more
workplace cardiovascular wellness research involving high risk
populations [3]. Not many high quality studies in our review were
conducted in special risk groups – overweight/obese persons, those
with diabetes mellitus/impaired fasting glucose, persons with
hypertension, and populations with mean age of 50 years or more.
Only 4 high quality studies (randomized trials) were conducted
primarily on overweight/obese workers[17,23,25,26] half of which
did not show any significant improvement. Even fewer high-
quality studies (two) were conducted in persons with a mean age of
50 years or more. Both of them showed reduction in waist
circumference [16] and blood pressure [30]. The only randomized
trial conducted in persons with diabetes or at risk for it showed
significant improvement in fasting plasma glucose, HbA1c, lipids,
diet, and reduction in systolic blood pressure [29]. Also as earlier
mentioned only one study was conducted in those with hyperten-
sion and it demonstrated clinically significant reductions in both
systolic and diastolic blood pressure [30]. More high–quality
internet based intervention studies in special risk groups need to
conducted to determine their utility and value in these popula-
tions.
Although we found no review on workplace internet-based CV
wellness programs, several reviews on workplace wellness
programs with CV outcomes have been conducted. Our findings
on weight related outcomes were similar to those of Benedict &
Arterburn (2008) who concluded that these programs have modest
short term improvements in body weight [5]. A recent review
found small intervention effect of workplace wellness programs on
diet, noting that there was not enough evidence to comment on
the long term effect of these interventions on dietary outcomes [7].
Similarly, we do not have enough evidence to comment on the
long term effects of internet-based CV wellness programs on
dietary outcomes and the available evidence is indeterminate of its
short to intermediate effect.
A systematic review by Groeneveld et al. on workplace life-style
focused interventions to reduce cardiovascular risk concluded that
there was no effect of these programs on blood pressure, or on
serum lipids [6]. They also had too little evidence to show an effect
on blood glucose. Our findings on blood pressure are not entirely
in agreement with Groeneveld et al [6]. Even though more high-
quality studies reported no significant blood pressure changes, the
two trials conducted in at-risk groups (those with hypertension or
diabetes), demonstrated blood pressure reduction was universal
and clinically significant [29,30]. However, like Groeneveld et al.,
only few of our studies assessed blood glucose or HbA1c making it
difficult to reach conclusions regarding the effect of internet-based
interventions on these outcomes. Improvements in lipids profile
were found in 3 of the 6 high-quality studies that examined these
outcomes. Among these, 2 were reporting the same intervention at
6 and 9 month follow-up. On the other hand, 3 pre-post studies
had improvement in the lipids profile while one showed a
reduction in HDL-c [35]. As such, similar to Groeneveld et al. [6],
we have limited evidence of an intervention effect on lipids profile.
A 2008 Cochrane review of smoking cessation programs in the
workplace found strong evidence demonstrating that interventions
directed at smokers were successful, and that interventions with
multi-components including pharmacologic therapy were more
successful in absolute terms than self-help and social support
interventions [41]. The review noted that comprehensive pro-
grams were ineffective at promoting smoking cessation [41].
Although no randomized trials with smoking cessation interven-
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tions met our criteria, evidence from the follow-up studies support
these findings.
Our review is limited in several ways. The decision to exclude
studies with less than 6 months follow-up may have excluded well
designed studies with short follow-up. However, in our opinion, for
any intervention to have significant sustained effect a minimum
follow-up time of 6 months is necessary. Some studies may have fit
our inclusion criteria but did not show up in our search. To
minimize this we examined the references of the publications
found and those of other work place wellness reviews for relevant
studies.
Due to the dissimilarity of the interventions studied, the
heterogeneity of the outcomes and the disparate study design
and quality, conducting a meta-analysis and interpreting its results
would have been without merit. These problems along with
differences in populations (varying age groups and gender
distributions), cultural, and geographic regions where the studies
were conducted have made it difficult to interpret the findings of
the studies collectively. Finally, we cannot rule out the possibility of
publication bias affecting our results.
Implications and Conclusions
With rising costs of healthcare, many organizations have turned
to employee health programs as a means of reducing disease
burden, productivity losses and high management costs of illness.
Although there is controversy and skepticism as to the clinical
utility and cost-effectiveness of these programs [42], one study
indicates that employee wellness programs offer an average of 3.37
USD reductions in medical costs for every dollar spent [43]. That
said, focusing on health in the workplace could only be cost-
effective if the interventions are both effective and cost saving.
The success of any intervention depends on many factors
including the method of delivery. Several reviews have suggested
that internet delivered programs may be effective, albeit marginal
at improving health behavior [44,45], managing weight [46,47],
or increasing physical activity [48,49], and at least one review
suggested that internet-based programs may be more effective at
promoting healthy behaviors than non-internet-based interven-
tions [45]. However, none of these reviews were conducted in
primarily working populations neither did they evaluate other
outcomes such as BP reduction and lipid profile changes, all of
which this study does.
Our review highlights the need for internet-based workplace
prevention and wellness programs to include some physical
contact with participants and environmental modification to
improve effectiveness however knowing the right blend of internet
and personal contact components for each intervention also poses
significant challenge. For desired outcomes such as smoking
cessation and blood pressure reduction, interventions perhaps
should be tailored to the specific needs of each working
population. High risk populations – persons with one or more
significant risk for CVD - make up a significant proportion of the
working population and are a major group that is recommended
for workplace wellness programs. Unfortunately, most studies were
conducted in healthy populations and as such the most effective
means of delivering CV wellness programs to these populations
are still unclear. Finally, for most of the reviewed programs,
formulating a clear picture on their long term implications awaits
further studies with longer follow-up.
Although this review demonstrates potential for success of
internet-based programs at reducing cardiovascular disease
morbidity as seen in weight reduction, blood pressure control
and smoking cessation, much work needs to be done to understand
the best approaches involving internet use in delivery of
cardiovascular wellness programs and their long term effective-
ness.
Adopting some standardized outcomes such as those suggested
in the AHA 2020 guidelines will further help synthesize the totality
of evidence about the effectiveness of these programs and provide
the much needed evidence for healthcare workers, policy makers
and the business community to make meaningful decisions as to
the most effective ways of employing the internet in the delivery of
CV wellness programs.
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